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sary or desirable, and if introduced would only lead to' 
needless expenSA. Twenty-four Jllen might be added to 
the strength of battalions or drawn from the present 
establi!5hment.for this purpose as considered desirable, 
and a very much larger number would of course be in
structed for employment if required. As it is proposed 
that each machine gun should become portion of a 
company, and in the majority of instances be at the 
disposal of the company officers, no increase of officers 
is requisite, while if withdrawn by the commanding 
officer or higher authority for the purpose of being 
massed, a field officer or other competent officer should 
be detached to command them and return them to 
their companies on the completion of the duty. If 
after trial it be found that more officers are required 
with them, an increase of two subalterns pel' battalion 
should meet the case, attached to the two flank com
panies, with which they would remain until the ma
chine guns were ordered to mass, fall out with them 
and each undertake the charge of four, under the 
guidance of the officer detailed to cOJllmand them . 

. Regiments of infantry are not one officer too strong for 

. service, and could not afford to give them from present 
strength, should they be required. A little practice 
would require to be devoted to some simple system of 
maneuvering the mules, in order to gnard against con
fusion when brought together in ma�ses. Probably 
sections of four guns (eight mules), worked much on 
the mountain battery drill principle, and only for 
movements of the simplest description, would be all 
that would be requisite, while during maneuvers they 
would join their own companies. 

JUSTICE SHOULD BE DONE TO THE WEAPON. 

That the fire of a body of infantry would be 
immensely increased by the addition of one machine 
gun per company does not admit of doubt, for by 
detaching three men to attend to the gun the equiva
lent of the fire of at least fifty men is obtained, leaving 
out of the calculation the value to the battalion of be
ing able to maneuver up to a certain point without 
firing. Machine guns can as yet scarcely be said to 
have had a thoroughly impartial trial; from 50 to 100 
picked shots are pitted against a machine gun in the 
hands of men who have had it a few days or weeks, 
and who will certainly ha.ve fired very few shots from 
it. The result is, in -ehe hurry a jam occurs, or the gun 
never gets on the target at all. The trial also should 
not be confined to the results from one gun, but from 
those of eight or, if possible, a larger number. We feel 
con vinced that if justice be done to the weapon, the 
results must be very startling and convincing. 

HOW TO TEST THESE PROPOSALS. 

The correctness or otherwise of these proposals could 
with ease be tested by experiment on screens represent
ing a battalion formed for defense, upon which an 
attack should be delivered by a battalion advancing in 
every way under regulation conditions, opening fire 
from the first, and also an attack by the same body 
supported by eight machine guns, who, occupying a 
position between 1,200 and 800 yards from the enemy, 
allowed their own infantry to approach to within 500 
yards of the position, and the� deliver its attack with 
('mnbined machine gun and ritre fire. The result of the 
fire trial cannot be doubted if the machine guns are 
properly handled, while opportunities for their use by 
company commanders in detachtJd positions, or work
ing in any way independently, will occur in almost 
every pl1ase of action; the one danger they have to 
avoid is artillery fire, and this, considering the mobility 
that-would be attained by mule transport, and the fact 
that the weapons range up to 2,000 yards, thus offering 
a large selection of position, ought not to provA in any 
way an insurmountable difficulty. Once in position 
and massed, machine guns may be depended on to 
defend their front against all but artillery as certainly 
as would masses of guns; while, if searched out, and 
suffering from artillery fire, their mobility is ample to 
adIllit of their being promptly moved over any country 
to a safer position. It if:! with a firm con victi0n that 
the case is not beillg overstated when we urge that 
"the nation which neglects to make use of machine 
guns in the field will not only incur a heavy responsi
bility, but will undoubtedly suffer severely if opposed 
to them." 

SUSTAINING WALLS. 
IN the present article we propose to study the ques

tion of sustaining walls provided with arches and arch 
buttresses. The use of this system of walls is not re
cent. As long ago as the last century, Engineer Garithey 
made an application of it in the construction of the 
wharf at Chalon-sur-Saone, and in this way effected a 
saving of one-third in t.he cuba�e of the masonry. The 
wall here was from 16 to 19 ft. m height, 2 ft. thick at 
the top, 3;l4' ft. thick at the base, and had a batter of 
l. on the exterior. The buttresses and arches were 
located on the land side. The former were 3lQ ft. in 
wid th, and were spaced 17 ft. from axis to axis. They 
were connected by three tiers of arches, 5� ft. in height 
under the key. 

The Gauthey system has been adopted for some of 
the wharf walls of Paris. One of these is provided with 
buttresses 5 ft. in width, which are spaced 1972' ft. apart, 
and are connected by a single row of arches that sup
port the footway of the wharf. 

At the time of the construction of the railway from 
Paris to Auteuil, Engineer Flachat applied the Gau'they 
system to all the walls and arch buttresses of the 
bridges and tunnels on that line. 

l!'igs. 6 and 7 give an elevation and vertical section of 
one of these walls on the inner side. The height does 
not E'xceed nineteen feet. The spacing of the arch 
buttresses varies, according to the length of the various 
works, beween ten and fifteen feet. The buttresses are, 
as a general thing, connected by t.wo tiers of arches, 
and are 272' ft. in width between the foundations and 
first row of arches. Such width is reduced to 2 ft. be
tween this row and the summit of the wall. As for the 
projection of the buttresses, that is 3� ft. up to the 
first arch, and 2,1.4 ft. to the top of the wall. The arches 
have a uniform thickness of 172' ft., and the intrados 
arch is traced with a constant radius of 6% ft., which, 
on account of the span of the arches, gives It a,variable 
pitch. 

As for the wall properly so called, that has a uniform 
thickness of 272' ft. 

'.Co complete these data concerning the walls of the 

Auteuil line, we may state that the earth that they came necessary to construct an illllllensA retaining �all 
have to sustain is a calcareous or marly tufa that forms in order to separate the rail way from the houses that 
a compact and relatively hard mass, so that the types of border this street, and especially in order to compensate 
wall which we illustrate possess sufficient resistance for the great difference in level that separates the road
despite their seeming lightness. When, in 1885, the bed of the street from that of the railway, and which 
tracktS of the St. Lazare station were being repaired be· is not less. than 50 ft. at the cUlminating point. The 
tween that point a.ud the Batignolles station, and earth to be sustained was not bad. for it was a compact 
Rome street was being open�d at the same time, it be- marly tufa belonging to the gypseous formation that 
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FIGS. 1. TO 5.-VERTICAL SECTIONS OF SUSTAINING WALLS, WITH ARCHES AND ARCH 

Eg.B. 

BUTTRESSES. . 

FIGS. 6 AND 7.--ELEV ATION AND SECTION OF WALL ON THE 
PARIS AND AUTEUIL RAILWAY. 
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-FIGS. 8 AND g.-WALLS WITH ARCHES, BUT NO BATTER
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FIGS. 10 AND 11.-W ALLS WITH ARCHES AND AN EXTERNAL BATTER OF ONE-TENTH. (Natural talus of the earth t.) 
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covers the northern part of Paris. If there had been 
nothing but this earth to sustain, it would have sufficed 
to give the wall a relatively slight thickness; but the 
new houses that were to be built between the top of 
the wall and Rome Street, at but a few yards from the 
wall, would, when completed, have exerted upon this 
newly dug up and disturbed earth pressures of various 
natures that might have resulted in strong horizontal 
thrusts on the projected sustaining wall. 

On another hand, the great water reservoir that the 
wants of the station had rendered it necessary to con
struct at the culminating point of Rome street, be
tween the latter and the wall, would have exerted a 
strong pressure upon the upper part of the wall. Here, 
then, was a grave danger that it was necessary to ayoid. 

said that it is always advantageolls to give the walls Ii 
thickness that shan permit of spacing the buttresses 
from 4 to 6 yards from axis to axis, and of giving them, 
as well as the arches, considerable thickness, so as to 
make it possible to obtain a firm connection between 
the wall proper and the projecting masonry. The 
importance of such connection is very great, and it can
not be too carefully looked after. The joints that 
connect the wall with the projections should be com
posed of stones o r  ashlar ()f large size placed o n  each 
side of the joint and laid in cement.-Annales Indus
trieUes. 

TORPEDO BOAT CATCHERS. 
Moreover, when it becomes necessary to establish a THE question of how the attack of fast unarmored 
work of this nature, and of this importance, in a city torpedo vessels on a fleet should be met was brought 
which, like Paris, is subject to contiuuous changell, it forward more than ten years ago by the late Director 
is necessary to foresee even the unforeseen. It is there- of Naval Construction, at a meeting of the Institution 
fore necessary to so build it that it will be capable of of Naval Architects. Speaking of the effect of torpe
defying not only known actions, but also the eventual- .does on the bottom of a ship, Sir N. Barnaby then sald: 
ities of the future. .. The assailants ought to be brought to bay before 

It was in this spirit of wise foresight that Mr. Clerc, they could get within striking distance of the ironclad 
then e!1Eineer in chief, and now director of the works by consorts armed like the attacking vessels with the 
of the Western Rail ways, formed the profile of the wall ram and the torpedo, which may take, like them, the 
under consideration, a part of which extends from the chances of being sunk. Each costly ironclad ought to 
Place de I"Europe bridge to the Batignolles tunnel, and be a division defended against the ram and the torpedo 
another part of which extends from the latter to Batig- by numerous smaller, but less important, parts of the 
nolles station. general forces." At that tim'e it was not considered 

Figs. 2 and 4 represent a section and partial elevation likely that torpedo boats would be met on the high 
of this wall on the side toward the earth. It will be seas, but retained for harbor and coast defense. Hence, 
seen that it has a batter of r'tr on the external side, and Sir Nathaniel's words apply more to the larger torpedo 
that it has two tiers of arches on the inner that divide vessels, which are rapidly being added to most Euro· 
its height into three equal parts. The profile is traced pean navies. When, however, it was found that the 
as follows: mcreased dimensions of torpedo boats would enable 

The thickness, A B,at the top of.the wall .is always them to accompany ironclads and take part in an 
equal to Nli of its height. action, in addition to the danger to which a blockad-

The straight line, B D, traced with a batter of -Iii' re- ing squadron would be subject from their attacks, it 
presAnts the front face. The dotted line, A C, traced became evident that what are now termed torpedo 
with the same batter, is an imaginary one designed for boat catchers or destroyers must form an essential part 
the determination of the profile of the inner face. The of future fleets. 
width, C F, equal to 3� feet, indicates the projection Before denoting the qualities which should be em
of the lower arch. From F, the vertical, F I, is carried bodied in such craft, it is necessary clearly to define 
up to a third of the height, and from I, a horizontal, their functions. In an action between two fleets their 
I K, is extended till it meets the imaginary line, A C. task would be to destroy the enemy's torpedo boats 
We afterward take a width, K L, equal to 3� feet, ' before the latter could get within range of the iron
and representing the projection of the upper arch. clads. During a blockade they would cruise inside the 
ThAn, from L, we carry a vertical, . L M, up to two- blockading squadron for the same purpose, and give 
thirds of the height, and from Ml a horizontal, M N, warning of all movements by the enemy.' When cruis
as far as to the vertical of the point, A. ing with a fleet, they would act as scouts in conjunction 

The arch buttresses have a width of 5 feet, and a pro- with larger dispatch y,essels, and be a means of com
jection of 374 feet from the lower part of the masonry. munication with detached squadrons or single ships. 
They do not extend to the top of the wall, but termi- To perform these dutiee efficiently, they should be able 
nate at the level of the upper arch. They are spaced to keep the sea independently. in all weathers, and 
18 feet from axis to aXIS. The arches are 2 feet in maintain a speed of 20 knots against a moderate breeze. 
thickness, and have a .pitch of 2� feet. The radius of Their turning circle should be small. Their armament 
the intrados is 9� feet. should consist of quick-firing guns, and Ii powerful 

This profile has the triple advantage of giving the electric light is indispensable. Protection should be 
wall a broad base, of causing thA weight of the earth limited to what can be given by coal and inch-steel 
resting on the two tiers of arches to contribute to its plating. The supply of coal should be sufficient to 
st.ability, and of giving each of the arches a talus that carry them a thousand miles at a speed of 18 knots. To 
reduces its projection. prevent them falling an easy prey to more powerful 

However strong this wall appears, it nowhere repre- vessels, and also to enable them to be utilized for tor
sents (whatever be the height) a thickness reduced to pedo attack, they should be fitted with a submerged 
more than Ir'k of its height, although, as a general tube in the stem and one Oil each side above water. 
thing, we gi ve '"!ri' that is to say, a thickness equal to The displacement should not exceed 500 tons. 
a third of the height. It will be seen from thIS that France, a8 usual, has taken the lead in this branch 
Mr. Clerc, while taking future eventualities into consid- of construction. While we were deliberating and 
eration, has, at the same time, taken into account the endeavoring to reconcile the conflicting opinions of 
relative consistency of the earth to be sustained. constructors and naval officers, the Bombe had been 

A few years later on, in 1876, the Paris Gas Company launched and seven more of the same class commenced. 
erected at Clichy a large gas work8, upon an extensive With a displacement of about 320 tons the Bombe has 
piece of ground which it became necessary to fill in on attained a speed of over 19 knots. Her armament is to 
account of the subsoil being impregnated with water comprise two light guns and three Hotchkiss revolving 
that infiltered from the Seine. It became necessary to cannon. She has also a torpedo tube on each side above 
sustain this filling in a line with the streets that bor- water. One important feature is the. 'light draught, 
dered the works. The sustaining wall that was built' which at normal sea trim will not much exceed 6 ft. 
for this purpose was given a batter on the outer face, ' 'She will thus tOll. great extent escape the liability of 
and the inner face was provided with a series of but- being herself destroyed by a torpedo: These missiles 
tresses connected by several tiers of arches. As a mea- are usually arranged for the depth most destructive to 
sure of precaution against future thrusts due to a soil the bottom of an ironc]adhand moreover do not readily 
that had not fully Rettled, a thorough c'-'nnection was maintain a course near t e surface. If, on the other 
made between the wall properly so called and the but- hand, the dimensions and draught of the torpedo boat 
tresses by means of bolts horizontally arranged and catcher are materially increased, she becomes herself 
embedded in the masonry. worthy o{attack, and a fair mark, ' both in length and 

We might cite numerous other exalllples of sus- depth, for the torpedo boat. In such a small· vesssel as 
taining walls provided with arch buttresses and arches the Bombe the armament must be exceedingly limited, 
on the inner side, but it seems to us superfluous to ex- and therefore it would seem desirable tQhave one de
patiate ad injinit'um on this subject. scription of gun, the most suitable for destroying a 

On a close examination of this style of waU, we find torpedo boat or engaging another vessel of her own 
that it can be divided into two types: species. Under these circumstances, it would be diffi-

(1.) Walls that possess no batter on the external side cult to find a weapon superior to the quick-firing gun 
(2.) Walls that possess a batter on the external side. with 3 lb. projectile. As regards torpedo equipment, 

Whichever of these types be the one adopted, it gives the French are wise in restricting the number of posi
rise to the following considerations and rules : tions; but we are surprised that the submerged tube 
. The action of the arehes and buttresses consists solely has not been adopted. In this system the torpedo and 
in removing the vertical that passes thruugh the center all its appliances are well protected up to the moment 
of gravity of the wall from the lower edge of the same, of discharge, and it leaves the ship uninfluenced by the 
and thus increasing its moment of resistance to over- action of the sea. It was stated by.Commander Gall
turning. From this it is clear t-hat such action will be wey, in a lecture at the United Sel'vice Institution, 
so much the more effiacious in proportion as the weight that very successful practice had been carried out from 
of the arches, buttresses, and the superposed earth is the bow tube of the Polyphemus up to a speed of 18 
greater. knots. As, however, we are dealing now more with 

It results from t.his observation that, theoretically, the question of how torpedo attacks should be frus
it would always be more advantageous to give the trated, we will leave the subject of torpedo equipment 
buttresses and arches considerable of a projection; for a future occasion; but there is no doubt that should 
hut other considerations put, an insuperable limit to the seaworthy qualities of the Bombe prove satisfac
the latter. In fact, the greater the projection is; the tory, she and her consorts will be valuable adjuncts to 
more the thickness of the wall must be diminished for a fleet. We are now preparing four vessels of some
the same resistance and there necessarily comes a what simila� description, but intended to be superior 
point where the wall comprised between two buttresses to these Fren!3h ships. These are the Grasshopper, 
would no longer have thickness enough to resist, of Rattlesnake, Spider, and Sandfly, and more inappro
itself, the stresses of flexion, etc., produced by the priate names it would be difficult to select. They are 
thrust. to have a displacement of 450 tons and 2,700 horse 

Otl another hand, too great a projection would im- power, with which it is expected a speed of 20 knots 
measurably develop the surfaces of contact between will be realized. Their a.rmament is to consist of one 4 
the earth on the one hand and the ,buttresses and in. breech-loading gun forward, and several quick
arches on the other. From this would result strong firing guns. Four above-water torpedo tubes will be 
adhesions, that would, after a manner, . retain these fitted; one in the stem, another right aft above the 
projections prisoners in the ground, so that the wall, keel, and one on each broadside. The draught of 
under the thrust of the earth, might separate from the water is to be8 ft. It is thus evident that these vessels 
arches and buttresses. This effect might especially be are larger and more powerful than the Bombe class, so 
produced if these latter were attached to the wall by that they ought to be able to maintain their speed 
too small a section, or if they were too far apart. better in moderately rough weather. We should be 

From these considerations, it will be seen that we inclined to dispense with the stern torpedo tube, as 
are practically led to observe a certain propor,tion be- little reliance can be placed in the accuracy of the 
tween the thickness of the wall proper, the projection, torpedo discharged into the disturbed water of the 
and the thickness and spacing of· the arches and but- wake. It can, however, easily be removed if unsuccess
tresses. Absolutely exact rules cannot be formulated ful. The general opinion seems to be that each large 
in regard to this; but, generally speaking, it may bi! ironclad should be attended by one-if not tW()--Qf 
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these craft, and therefore it is a pity we have not more 
than four preparing. The number should be completed 
to twelve as soon'as possible. 

Spain has shown much enterprise of late in naval 
matters. She has:secured an excellent specimen of a 
torpedo boat catcher in the vessel just built by Messrs. 
Thomson, of the Clyde. With a displacement of 350 
tons, the Destructor has realized a speed of over 22 
knots. The armament is intended to comprise one 
9 cm. gun, four 6 lb. quick-firing guns, and two 37 mm. 
Hotchkiss cannon. She is also to have five torpedo 
tubes. The coal capacity of her bunkers is suffieient 
to carry her 700 knots at full speed. Fair protection is 
gJyen by the fuel and subdivision into compartments. 
We cannot commend the intention to have three de
scriptions of guns, involving different alllmunition, and 
three torpedo tubes would be ample. There is always 
a tendency t.o place 'in ships more than they can con
veniently carry or work, and weights are added which 
seriously affect the speed when the vessel is completed 
for service. 

A smaller class of torpedo boat catcher is one built 
by Mr. White, of Cowes, and purchased by onr gov
ernment. She is 150 ft. long, and with a displacement 
of about 130 tons has realized a speed of twenty knots. 
One great advantage she possesses-that of turning 
with remarkable quickness-is due to the peculiar 
construction of the after-body, originated by Mr. White, 
and now familiarly known as the .• turnabout" system. 
It is only surpassed by boats on the Mallory principle, 
in which the rudder is dispensed with, its work being 
done by moving the propeller to either side by means 
of a small engine in the stern. The effect is almost in
stantaneous in altering the boat's direction. The chief 
dis�dvantage is that when the main engines are 
stopped, control Over the boat ceases. For torpedo 
service also the auxiliary engine is much exposed, and 
therefore, in this country at least, the system has not 
been adopted. Although Mr. White's latest production 
has several valuable qualities, we doubt if she is suf
ficiently large for a torpedo boat catcher; but we see 
no reason why his tUl"llabout system should not be 
applied to a vessel of 350 tons. 

In .Russia this type of construction is represented by 
the Ilyin, which has lately been tried outside Cronstadt 
in the .presence of the Minister of Marine. The llyin 
is somewhat larger than Ollr own vessels, having a dis
placement of 600 tons, and her equipment in guns and 
torpedoes is of a more extensive nature. She is to be 
armed with eight 47 mm. and six 37 mm. Hotchkiss 
guns, in addition to seven torpedo tubes. A steel pro
jective deck runs throughout her length. A curious 
feature is that her twin propellers are carried beyond 
the rudder in order to give increased speed. In sume. 
of the earlier torpedo boats this system was a.dopted, 
but the rudder exerts a greater turning power when 
abaft the propeller. The length of the !!yin is 228 ft., 
beam 24 ft., and draught of water 9 ft. With a pair of 
triple expansion engines developing 3,500 horse power, 
a speed of 20 knots has been obtained. Comparing 
this vessel with the Grasshopper, we find that she is 28 
ft. longer, with 1 ft. more beam and draught. In the 
R ussian vessel the length is 9'5 times the beam, whereas 
in the English ship it is 8'7 times, so that the latter. 
though smaller, ought to prove steadier in a sea. We 
fnust regard the lJyin more in the light of a torpedo 
vessel than a catcher, as evidenced by the number of 
torpedo positions it is stated she will have, though the 
intention is evidently to COIll bine both functions. 
Taking all things into consideration, we cannot admit 
that the addit.ional 1/i0 tons, with the increased anna
ment it permits, sufficiently compensates for the dis
advantages of greater length, draught, and cost, more 
especially as regards the ability of dealing with a 
num ber of hostile torpedo ·boats. 

It is only natural that Italy, who in maritime affah's 
has for the last fifteen years shown so much energy and 
originality, should not neglect small swift vessels while 
preparing such leviathans as the Italia and Lepanto. 
Seven years ago she launched the Marcantonio Co
lonna, a 16 knot vessel, with a displacement of 660 tons, 
but whose usefulness was impaired by not having twin 
screws. Four vessels are now preparing of 750 tons, 
which, with a horse power of 3,600 and twin propellers, 
should give them a speed of 20 knots. 

We thus find that all the principal nations are alive 
to the importance of these s wift auxiliaries, and to this 
countl:y esrecially is it essential to possess an adequate 
number'o them. In any future naval operations 
undertaken by our fleet it must be prepared for deter
mined attacks by torpedo boats, agamst which nets 
and the most perfect subdivision into compartments 
would offer an insufficient protection, unless supple
mented by numerous small craft fulfilling the con
ditions indicated at the beginning of this article.-The 
Engineer. 

EMPLOYMENT OF ACETIC
' 

OR FORMIC ACID 
IN BLEACHING. 

ACCORDING to the WochenschTift fur Spinne1'ei und 
Weberei, Dr. Lunge, of Zurich, has obtained a patent for 
producing an increased effect of the solution of chloride 
of lime in the bleaching of vegetable tissues, by the 
employment of acetic acid or formic acid in small 
quantity. This process is free from various disadvant
ages attending the application of other agents intended 
to fortify such solutions. The relatively small quantity 
of acid used by Dr. L�nge's process does not render its 
cost an element of serious consideration. The com bina
tion of acetic acid with the chloride of lime first pro
duces free chloride acid and acetate of lime. In the 
bleaching process, the former gives off its oxygen and 
becomes muriatic acid, which, with the acetate of lime, 
makes chloride of calcium and free acetic acid. The 
latter again acts on the chloride of lime, and so on. A 
minimum of acetic acid, therefore, suffices to separate 
the whole of the chloride of lime into chloride of cal
cium and active oxygen. The muriatic acid produced 
is never in a free condition, as it illlmediattlly acts up
on the acetate of lime. This is an important fact, as. 
moreover, acetic acid does not attack the fibers in the 
same manner as muriatic acid. As no insoluble salts 
of lime are present, the operation of acidification after 
bleaching can be dispensed with. In this way, not 
only is there an economy of acid and of washing, but 
the danger is averted of small quantities of acid re
maining in the tissue8 (particularly if they are thick), 
with the result of injury to the material and inconveni
ence in subsequent dyeing operations. The additio� 
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